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Abstract

Background: Reliability and comparability to cardiometry-estimated stroke volume fluctuation have been
shown for ultrasound-guided I\VC diameter variation with respiration as a predictor of volume responsiveness. The
repeatability and low inter-operator variability of intravascular ultrasonography make it an ideal tool for reassessing
intravascular volume after the delivery or removal of volume. Electrical cardiometry (EC) uses four skin electrodes
to assess changes in thoracic impedance or resistance. EC is able to separate the impedance variations that occur
during the cardiac cycle. In order to better treat critically sick septic patients with hemodynamic instability, this
review paper seeks to evaluate the accuracy of fluid responsiveness evaluation using non-invasive cardiometry to
ultrasound guided 1VC collapsibility. In summary: Patients experiencing septic shock were more likely to have a
poor prognosis if their fluid balance was positive. When evaluating the intravascular volume state of critically ill
patients, the inferior vena cava collapsibility index may provide useful recommendations without invasive
procedures. Fluid management decisions in severely sick patients may benefit from advanced hemodynamic
monitoring using EC. If EC can continue to track CO trends, it might be useful for clinical decision-making in
identifying sudden shifts in the gas. Since EC is non-toxic and simple to implement, this should form a significant

portion of future studies.

Key words: Non-Invasive Cardiometry,
Responsiveness, Septic Patient.

1.Introduction

When microbes invade the body, it triggers a
cascade of inflammatory mediators such cytokines and
interleukins, leading to sepsis, a systemic sickness.
Systems inflammatory response syndrome (SIRS)
starts with these markers [23].

Severe sepsis patients run the danger of
experiencing abrupt hemodynamic instability, which
may have devastating effects on their health. Cardiac
contractile dysfunction and unopposed heterogonous
vasodilatation are symptoms of sepsis. An important
part of treating acute circulatory failure and its
complications is the use of fluid therapy [16].

The first line of defense against hypotension and
hypoperfusion caused by sepsis is intravenous fluid
resuscitation. In a shock situation, the goal is to
maximize cardiac output while simultaneously
restoring circulation volume [36].

Septic shock-induced hypotension is best treated
with fluid resuscitation and vasopressor therapy, which
work together to restore normal vascular tone and
increase organ perfusion pressure. Regarding septic
shock, the current consensus among experts is that
norepinephrine (NE) should be administered as a first-
line vasopressor. Despite encouraging early findings,
vasopressin and its analogues are now considered
second-line vasopressors due to significant new
evidence that they do not benefit from early
administration [29].

In order to maximize organ perfusion and
resuscitation, there should be accurate predictors of
fluid response and a way to identify patients who
require inotropes or vasopressors early enough [18].

The  point-of-care ultrasound (POCUS)
measurement of inferior vena cava (IVC) collapsibility

Ultrasound-Guided,

Inferior Vena Cava Collapsibility, Fluid

is useful for identifying critically sick patients who
react to fluids and those who do not, and it may also be
used to direct fluid resuscitation in patients who are
breathing on their own[13] .

This shift in electrical conductivity is tracked by
the electrical cardiometry (EC) monitor. The EC
monitor calculates key metrics such cardiac index (ClI),
stroke volume (SV), peak aortic acceleration, and left
ventricle ejection time using proprietary algorithms.
Research on the accuracy of EC in detecting absolute
levels of SV is inconsistent, while it has shown
usefulness in monitoring cardiac output (CO) across a
variety of patient situations and populations[6].

A patient's fluid status may now be determined by
measuring the internal venous diameter (IVC) and how
it varies throughout breathing using ultrasonography as
a reference. It's an affordable method that is also safe.
As an alternate to central venous catheterization, it is
often used to assess patients' volume status (figure 1-
A). During the first half of the ascent, even a slight
change in CVP causes an increase in IVC diameter.
Part 2 shows a decline in IVC compliance and a small
rise in IVC dilatation brought on by a bigger increase
in CVP. Updated from Figure 1 (B), which shows the
relationship between cardiac functional reserve and
inferior vena cava diameter. Subjects with normal
cardiac function (solid lines) and impaired cardiac
function (dotted lines) had their venous return and
cardiac function curves intersected. Inspiration can
only cause a leftward shift in the cardiac function
curve, resulting in a decrease in CVP and an
improvement in IVC collapse, if cardiac function is
maintained. Because it accounts for the variations in
volume that occur while breathing, it provides a living
indicator of the state of intravascular volume [20].
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Fig. (1) (A) Relationship between residual venous compliance and inferior vena cava diameter (B) the relationship
between the central venous pressure (CVP) and the residual venous compliance (IVVC) and the fluctuations in stroke
volume. According to ],

In Especially in intensive care units, this rapid, non-
invasive assessment of IVC is crucial. Cardiogenic
shock, septic shock, and hypovolemic shock might all
be distinguished using this. The volume status may be
revealed by variations in the diameter of the inferior
vena cava (IVC)P?2.

The purpose of this research was to evaluate the
accuracy of non-invasive cardiometry for fluid
responsiveness evaluation to that of ultrasound guided
IVC collapsibility in the treatment of very sick septic
patients with hemodynamic instability.

How the body works:

The study of the movement of blood is known as
hemodynamics. Similar to how hydraulic circuits are
regulated by control systems, the circulatory system is
governed by homeostatic processes of autoregulation.
The hemodynamic response is always on the lookout
for changes in the body and its surroundings, and it
makes adjustments accordingly. The branch of physics
known as hemodynamics describes the rules that
regulate the movement of blood through the circulatory
system (431,

A resting heart rate of 5 to 6 liters per minute is
considered normal. No blood leaves the heart just
because it enters the left ventricle. According to™, the
end systolic volume (ESV) is the result of subtracting

the stroke volume from the remaining end diastolic
volume (EDV).

Vascular monitoring

Acute care patient monitoring revolves on
hemodynamic monitoring. Patients at high risk for
problems and prolonged hospital stays are better served
by goal-directed treatment. Cardiovascular
insufficiency (CVI) resuscitation treatment strategies
tailored to individual patients. Some of these methods
include reducing the amount of time a patient spends in
the hospital, using dynamic measurements to determine
vasomotor tone and volume responsiveness, and
reducing the amount of fluid and vasopressor time that
patients need. Hemodynamic monitoring with the
purpose of predicting future CVI by the use of machine
learning techniques. against the moment, these
methods are aimed against anticipated hypotension *2.
When used with clinical evaluation to determine
perfusion adequacy, hemodynamic monitoring methods
may detect cardiovascular insufficiency (CVI) and
provide individualized hemodynamic treatments. Better
results should be accompanied by effective
hemodynamic monitoring in order to accomplish these
objectives. However, without a suitable and efficient
therapy, no hemodynamic monitoring technology can
enhance results®® Figure 1

Table (1) Acute care outcomes intended to be achieved by hemodynamic monitoring

Setting Monitor-treatment

Outcome

Perioperative Pre-optimization (CO)

Functional hemodynamic monitoring

Hypotension prediction

Emergency Department Sepsis resuscitation SSG

Functional hemodynamic monitoring sepsis

ICU resuscitation

ICU management

Functional hemodynamic monitoring sepsis

Stabilization/de-escalation (Eadyn)

Reduced complications
Reduced ventilator time
Reduced ICU/hospital length of
stay (LOS)

Decreased infused volume
Decreased lac-time

Decreased hypotension time
Decreased mortality
Decreased infused volume
Lower lac-time

Decrease hypotension time
Decreased infused volume
Decreased hypotension time
Rapid norepinephrine weaning
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2.Electric Cardiometry:

Electrical cardiometry uses four surface
electrocardiogram (ECG) electrodes to non-
invasively measure hemodynamic parameters such as
cardiac output (CO), stroke volume (SV), and others,
and is based on the Electrical Velocimetry model.
The Cardiotronic, Inc. patented technique of
electrical cardiometry has been cleared for use on
neonates, children, and adults by the U.S. Food and
Drug Administration 22,

This technique employs an algorithm to
determine the CO based on changes in thoracic
resistance caused by variations in blood velocity
during the cardiac cycle. There have been updates to
the algorithm. Most recently, a modification known
as electrical cardiometry (EC) was implemented .

The quality of the measured signal may be
evaluated by the device using its internal quality
score. In order for these metrics to be used for
clinical decision making, the so-called Signal Quality
Indicator (SQI) has to be at least 80. EC is just as
accurate and precise as other less intrusive measuring
instruments, and it's as safe to use *?.

Two ECG electrodes are placed to the left side of
the neck and two are affixed to the lower thorax; this
is necessary for the electrical cardiometry procedure.
The two external electrodes provide a steady-state
alternating current (AC) to the chest, targeting the
aortas (both ascending and descending). Because
blood is the thorax's most conductive substance,
current is directed toward the aorta. According to"*!,
the conductivity (also known as bioimpedance) is

determined by recording the ratio of the applied
current to the measured voltage.

Both impedance cardiography and electrical
cardiometry assess TEB, or thoracic -electrical
bioimpedance. The techniques used to determine the
gg]use of the dramatic rise in TEB/beat are different

According to the patented EC model, the reason
for the noticeable shift in thoracic impedance (or
conductivity) at the beginning of each cardiac cycle
is the red blood cell (RBC) orientation change caused
by pulsatile flow B,

The time it takes for the left ventricle to expel its
contents and the maximum aortic acceleration are
both derived using EC technology. A medically-
patented method determines stroke volume by using
the blood flow velocity, which is obtained from the
peak aortic acceleration. To initiate a measurement
with an EC monitor, all that is required is the patient's
weight, height, age, and gender™" This information is
shown in Figure 2.

Stroke Figure 3 shows a direct, strong, and
statistically significant association between the
degree of fluid responsiveness as reported as a
percentage increase in cardiac index and pulse
pressure variation (PPV) and volume variation
(SVV). According to® |, the only variables that
showed a significant difference between the groups
of responders and non-responders prior to fluid
administration were SVV and PPV.

fAc(50 KHz)
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Fig. (2) Scheneck et al., 2020 depicts electrical conduction across electrodes.
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Fig. (3) Correlation between cardiac index Cl and stroke volume variation (SVV) According to °!.

3.Role of us guided IVC

A point-of-The supervising physician may use a
bedside ultrasonographic evaluation known as a
point-of-care  ultrasound (POCUS). It offers
immediate and accurate solutions to patients' medical
issues. Clinicians have increasingly turned to POCUS
in recent years, particularly in the ED and ICU. New
generations of pediatricians are interested in POCUS
use, and there has been a global uptick in POCUS
training courses for pediatric Intensive Care Unit and
Emergency Room experts '*!. Picture 4

The right atrium of the heart receives
deoxygenated blood via the inferior vena cava, a vast
vein. Sonographic assessment of the inferior vena
cava (IVC) provides a non-invasive, real-time gauge
of blood volume status since its dimensions and
curvature are associated with central venous pressure
and blood volume in circulation. The internal

dIVCmax

P =,
T —.

Collapsibility Index = (dIVCmax - dIVCmin) / dIVCmax

capillary diameter (IVC) fluctuates in relation to
variations in intravascular pressure; it is a very
flexible conduit. As a result of the negative pressure
generated by the expansion of the chest, the inferior
vena cava (IVC) collapses during inspiration as blood
is pumped out of it. The interventricular septal defect
(IVC) narrows by around half in healthy individuals
as their thoracic pressure cycles 2%

Despite the absence of agreed-upon thresholds,
healthy persons typically have an intercostal diameter
(IVC) at rest ranging from 0 to 14 mm for inspiration
and 15 to 20 mm for expiratory diameter. The
equation (IVCd exp - IVCd insp)/IVCd exp is the
IVC collapsible index. As the collapsibility index
approaches zero or one hundred percent, the patient is
more likely to be experiencing volume excess or
depletion, respectively '"

\
v
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Fig. (4) Obtaining the collapsibility index and measuring the inferior vena cava (IVC) using ultrasound is shown in
Figure 4. The two-dimensional image of the inferior vena cava (I\VC) with the right atrium shifted to the left may be
seen in the panel above, while the M-mode image below reveals fluctuations in diameter due to respiratory
factors.!"*! defined D IVC max and d IVC min as the maximum and minimum diameters of the inferior vena cava,
respectively.

The The inner ventricular canal (IVC) wall is a thin,
flexible tube whose width changes in response to the
patient's blood volume: During the course of a breath,
the inside diameter of the pulmonary veins (IVC)
narrows and widens. The IVC momentarily collapses
due to the higher blood volume return to the heart
caused by the negative pressure created during
inhaling. When we breathe out, the IVC narrows

back down to its original size since the venous return
is reduced ',

In  situations of shock or undifferentiated
hypotension, an IVC examination may determine the
right-heart pressure and intravascular volume status,
which can help with resuscitation. Ultrasound
evaluation of the inferior vena cava (IVC) might
reveal changes in the patient's volume status. One
non-invasive way to estimate the Central Venous
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Pressure (CVP) is by measuring the amount to which
the inferior vena cava (IVC) collapses during
breathing*.

Evaluating the CVP, which is crucial in
undifferentiated shock conditions, is the primary
advantage of bedside ultrasonography examination of
the IVC. Shock states may cause either a low or high
CVP. Hypovolemic shock may be indicated by a
small IVC diameter with a high collapsibility index,

if the appropriate clinical circumstances are fulfilled.
A significant number of IVCs, on the other hand,
might point to several causes of shock 2.

4] noted that patients experiencing shock as a result
of cardiogenic failure or obstructive causes, such as
pulmonary  embolism, cardiac  tamponade,
constrictive pericarditis, or aortic stenosis, could have
a dilated inferior vena cava with little respiratory
fluctuation. (Photo 5).
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Fig. (5) According to !, Figure 5 illustrates the main factors that impact the diameter of the inferior vena cava.

4.Discussion

Although CVP evaluation did not predict fluid
responsiveness; nevertheless, in the right clinical
setting, a tiny, highly collapsible 1VC may indicate
severe hypovolemia and improve fluid resuscitation.
Conversely, acute hypovolemia could not be the
reason if a patient in shock has a wide open, non-
collapsed IVC 2,

Responsivity of fluids in sepsis

The first line of defense against septic shock is
intravenous (1V) fluid resuscitation, with 30 mL/kg
of isotonic crystalloid fluid being recommended by
worldwide consensus recommendations. The goal is
to maximize stroke volume and restore the volume of
circulating fluid. Most research are observational or
retrospective in nature, hence there is a lack of high-
level data to support this method. Recent research has
shown that patients with septic shock in critical care
who have previously had first resuscitation are more
likely to have poor outcomes if their fluid balance is
significantly positive ',

Although randomized studies in low-income
countries have shown that increasing the fluid
amount delivered during first resuscitation increases
mortality among patients with  sepsis and
hypoperfusion, these results cannot be applied to
other contexts. Variation in practice has resulted from
this lack of consensus; for example, some have
argued for a more cautious fluid approach that
includes the early use of vasopressors to provide
hemodynamic support. According to ¥, there are

several current clinical studies that aim to answer this
topic.

Fluid response prediction and the importance of
intravenous and endovascular monitoring:

Using the IVC diameter in patients on
mechanical ventilation is not supported by current
research. The association between CVP and I1VC
diameter was found to be weak to moderate in the
other investigations, and not statistically significant
in 8 of the 16 research included in the latest meta-
analysis. The intricate relationship  between
intrathoracic pressure, right atrial pressure, and
venous return could explain these findings, making it
difficult to draw a definitive conclusion in the
majority of instances **/.

In order to assess fluid responsiveness, one must
take into account the IVC's ability to widen during
positive pressure ventilation, changing the steep
portion of the I'VC-to-CVP curve to a flatter one. In
the largest adult population ever studied on this topic,
540 subjects experienced acute circulatory failure of
any cause. The results showed that respiratory
variations in the IVC diameter failed to accurately
predict fluid responsiveness, likely because of
concomitant abdominal hypertension and/or a lack of
mechanical power during protective mechanical
ventilation. This includes factors such as a low tidal
volume of less than 8 mL/kg predicted body weight,
moderate to low positive end expiratory pressure, a
low respiratory rate, and low driving pressures 7,
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There is a lack of consistent evidence for
pediatric patients using mechanical ventilation.
According to "), the ADIVC successfully predicted
fluid responsiveness in 21 children who had
undergone heart surgery, but it failed to do so in 33
kids who underwent neurosurgical procedures.

Similarly, Weber et al. found that variations in
IVC diameter caused by the respiratory cycle were
not able to predict fluid responsiveness in their study
of 31 participants ranging in age from 1 day to 13
years. Children may have lower transpulmonary
pressure because their inferior vena cava (IVC) is
more elastic and their chest walls are more flexible
than adults' !/,

In subjects who are on mechanical ventilation,
Yao and colleagues have introduced a new
distensibility index called VCI ADI with a cut-off
value of 10.2%. This index outperformed dIVC in
terms  of  sensitivity in  predicting  fluid
responsiveness, despite having a significantly lower
specificity (97.3% sensitivity and 40.0% specificity,
respectively) ).

Overall, when it comes to evaluating fluid
responsiveness, the IVC collapsibility index is more
accurate than the IVC diameter in patients who are
breathing on their own. However, its practicality in
patients on mechanical ventilation is debatable, and it
can only be used when the biventricular heart
function is preserved. Furthermore, due to its poor
diagnosis accuracy, dIVC is not well-supported by
the existing data in the following areas: pediatrics,
patients on protective mechanical ventilation, those
undergoing abdominal surgery at the same time as
hypertension, and those undergoing abdominal
surgery*” .

For goal-directed treatment and clinical decision-
making, EC's continuous monitoring might be a
useful addition to ICU and NICU monitoring. In a
2015 study, Suehiro et al.

There was a strong connection between the SVV
readings obtained by transesophageal
echocardiography (TEE) and those obtained by
electrical cardiometry, according to a research that
compared the two methods. SVV was 15.5%
(SD=7.1) after 10 minutes of sternum closure by
transesophageal echocardiography (TEE), and 14.3%
(SD=6.1) following 10 minutes of sternum closure by
cardiometry. A mean bias of -1.2 was found using the
Bland-Altman analysis. A range of -8.7% to 5.7%
was observed in the 1.96 standard deviations of
agreement. It is for this reason that cardiometry has
emerged as a viable option for noninvasive
hemodynamic monitoring in CABG patients.”® cited
before.

Both before and after surgery, TTE and EC were
significantly correlated with respect to HR, SV, SVI,
CO, and CIl. With widely acknowledged limits of
agreement for HR, SV, SVI, CO, and CI, Bland and
Altman analysis demonstrated little bias. When
comparing EC and TTE, CO demonstrated a robust

positive association with a mean bias of 0.01 and
limits of agreement ranging from -0.68 to 0.70 for
preoperative readings, but a mean bias of -0.01 and
limits of agreement ranging from -1.21 to 1.18 for
postoperative data.According to %),

Although EC has the potential to replace
Electrocardiography  and  Thermodilution  for
measuring absolute CO values, a meta-analysis of 24
studies that compared it to a reference method
(Electrocardiography and Thermodilution technique)
cast doubt on its accuracy and precision. As The
meta-analysis was unable to determine EC's trending
ability since the included research did not agree on
the statistical approach. However, EC may continue
to have use as a trend monitor for acute
hemodynamic variability measurements.The cited
work is from '),

5.Conclusions

Positive In septic shock patients, fluid balance
was shown to be a significant predictor of poor
prognosis. When evaluating the intravascular volume
state of critically ill patients, the inferior vena cava
collapsibility  index  may  provide useful
recommendations without invasive procedures. It is
possible to do advanced hemodynamic monitoring
using EC while giving critical care. As a result, EC
could be a good option to help critically sick patients
make decisions about their fluid management. If EC
can continue to track CO trends, it might be useful
for clinical decision-making in identifying sudden
shifts in the gas. Since EC is non-toxic and simple to
implement, this should form a significant portion of
future studies.

References

[1] A.Rahman, Y.Chang, J.Dong, B.Conroy,
A Natarajan, T.Kinoshita, F.Vicario, J.Frassica,
& M. Xu-Wilson,. Early prediction of
hemodynamic interventions in the intensive
care unit using machine learning. Critical Care,
vol.(25), pp.(388),2021.

[2] A.S.Elgebaly, A.G. Anwar, S.M.Fathy,
A.Sallam, Y.Elbarbary, The accuracy of
electrical cardiometry for the noninvasive
determination of cardiac output before and after
lung surgeries compared to transthoracic
echocardiography. Ann Card Anaesth. Jul-
Sep,vol.23(3),pp.(288-292),2020.

[3] B.Shin, S. A.Maler, K.Reddy & N. W.
Fleming,. Use of the Hypotension Prediction
Index During Cardiac Surgery. J Cardiothorac
Vasc Anesth, vol.(35), pp.(1769-1775),2021.

[4] C.Yafez,  G.DeMas-Giménez&  S.Royo,.
Overview of Biofluids and Flow Sensing
Techniques Applied in Clinical Practice.
Sensors (Basel),vol.(22),pp.(2015-220),2022.

[5] Copyright ©, StatPearls Publishing LLC,2024.

[6] D. Gupta, & S. Dhingra, Electrocardiometry
Fluid Responsiveness in Pediatric Septic Shock.

Benha Journal of Applied Sciences, Vol. (9) Issue (1) (2024)



Ebtehal M. Shaheen, Ahmed M. Abd-El-Hamid, Samar R. Amin and Fatma A. Abd-El-Fatah 35

Indian J Crit Care Med, vol(25), pp.(123-
125),2021.

[7] D.Yyildizdas & N.Aslan,. Ultrasonographic
inferior vena cava collapsibility and
distensibility indices for detecting the volume
status of critically ill pediatric patients. J
Ultrason,vol.(20), pp.(e205-e209),2020.

[8] E.Schneck, D.Schulte, L.Habig, S.Ruhrmann,
F.Edinger, M.Markmann, M.Habicher,
M.Rickert, C.Koch, & M.Sander,. Hypotension
Prediction Index based protocolized
haemodynamic  management reduces the
incidence and duration of intraoperative
hypotension in primary total hip arthroplasty: a
single centre feasibility randomised blinded
prospective interventional trial. J Clin Monit
Comput, vol.(34), pp.(1149-1158),2020.

[9] G.Anand, & A.Lowe, Investigating Electrical
Impedance Spectroscopy for Estimating Blood
Flow-Induced Variations in Human Forearm.
Sensors (Basel), vol.(3),pp(20),2020.

[10]1G.Guven, M. P.Hilty, & C.Ince,.
Microcirculation: Physiology, Pathophysiology,
and Clinical Application. Blood Purif, vol(49),
pp.(143-150),2020.

[11]H. J.Byon, C. W.Lim, , J. H.Lee, Y. H.Park, ,
H. S.Kim, C. S.Kim, & J. T. Kim,. Prediction of
fluid responsiveness in mechanically ventilated
children undergoing neurosurgery. Br J
Anaesth, vol.(110), (pp).586-91,2013.

[12]J.King, & D. R.Lowery,. Physiology, Cardiac
Output. StatPearls. Treasure Island (FL)
ineligible  companies.  Disclosure:  David
Lowery declares no relevant financial
relationships  with ineligible  companies.:
StatPearls Publishing,vol(30),pp(320-330),2024

[13]K. A.Corl, N. R.George, J. Romanoff, A.
T.Levinson, D. B.Chheng, R. C.Merchant,
Levy, M. M.A.M.Napoli,. Inferior vena cava
collapsibility detects fluid responsiveness
among spontaneously breathing critically-ill
patients. Journal of Critical Care, vol.(41),
pp.(130-137),2017.

[14] K.Suehiro, A.Joosten, L. S.Murphy,
O.Desebbe, B.Alexander, S. HKim & M.
Cannesson,. Accuracy and precision of
minimally-invasive cardiac output monitoring
in children: a systematic review and meta-
analysis. J Clin Monit Comput, vol.(30),
pp.(603-20),2016.

[15] L.Frassanito, C.Sonnino, A.Piersanti, B.
A.Zanfini, S.Catarci, P. P.Giuri, M.Scorzoni, ,
G. L. Gonnella, M.Antonelli, & G.Draisci,.
Performance of the Hypotension Prediction
Index With Noninvasive Arterial Pressure
Waveforms in Awake Cesarean Delivery
Patients Under Spinal Anesthesia. Anesth
Analg, vol.(134), pp (633-643),2022.

[16] L.Valeanu, S. I.Bubenek-Turconi, C.Ginghina&
C.Balan,. Hemodynamic Monitoring in Sepsis-

A Conceptual Framework of Macro- and
Microcirculatory  Alterations.  Diagnostics
(Basel), vol.(11),pp.(413-417),2021.

[171M .Sanders, S. Servaas, C.Slagt, Accuracy and
precision of non-invasive cardiac output
monitoring by electrical cardiometry: a
systematic review and meta-analysis. Journal of
clinical monitoring and computing.
Jun,vol.34(3),pp.(433-60),2020.

[18] M Elsayed Afandy, S. I. El Sharkawy, & A.
F.Omara,. Transthoracic echocardiographic
versus cardiometry derived indices in
management of septic patients. Egyptian
Journal of Anaesthesia,vol.( 36), pp.(312-318),
2020.

[19] M. A. E. H.Hafiz, E. A.Mohamed, M. A. E. N.
Mohamed & M. A. E. S.Ahmed,. Inferior vena
cava diameter and collapsibility index as a
marker of fluid status in regular hemodialysis
patients. The Egyptian Journal of Internal
Medicine,vol.( 33), pp.(43),2021.

[20] M. M.Mahrous, A. M. M.Al Hassanin, & M. M.
Sabra,. Correlation of Ultrasound Guided
Measurement of Inferior Vena Cava Diameter
to Central Venous Pressure to Assess the
Volume Status in Septic Shock of Mechanically
Ventilated Patients. Al-Azhar International
Medical Journal, vol.(3),pp.( 128-133),2022.

[21]M. R.Pinsky, M.Cecconi, M. S.Chew, D. De
Backer, 1.Douglas, M.Edwards, O.Hamzaoui,
G.Hernandez, G.Martin, X.Monnet, B.Saugel,
T. W. L.Scheeren, J.-L.Teboul, & J.-L.Vincent,.
Effective hemodynamic monitoring. Critical
Care,vol( 26), pp.(294),2022.

[22] M. T.Ismail, A. A.El-Iraky, E. E. A. Ibrahim, T.
H. ElI Kammash, & A. E. Abou-Zied,.
Comparison of inferior vena cava collapsibility
and central venous pressure in assessing volume
status in shocked patients. Afr J Emerg Med,
vol.(12), pp.(165-171) ,2022.

[23] M.Huang, S.Cai, & J.Su, The Pathogenesis of
Sepsis and Potential Therapeutic Targets. Int J
Mol Sci, vol(20),pp(314-320),2019.

[24] M.Wijnberge, B. F.Geerts, L.Hol, N.Lemmers,
M. P.Mulder, P.Berge, J.Schenk, L. E.Terwindt,
M. W.Hollmann, A. P. Vlaar& D. P. Veelo,.
Effect of a Machine Learning-Derived Early
Warning System for Intraoperative Hypotension
vs Standard Care on Depth and Duration of
Intraoperative Hypotension During Elective
Noncardiac Surgery: The HYPE Randomized
Clinical Trial. Jama, vol.(323),pp.( 1052-
1060),2020.

[25]P Di Nicold, G Tavazzi, L Nannoni, F Corradi,
Inferior Vena Cava Ultrasonography for
Volume Status Evaluation: An Intriguing
Promise Never Fulfilled. J Clin Med. Mar
vol(12),pp.(2217), 2023.

[26]P.Di  Nicolo, G.Tavazzi, L.Nannoni, &
F.Corradi, Inferior Vena Cava Ultrasonography

Benha Journal of Applied Sciences, Vol. (9) Issue (1) (2024)



36 Comparing the Non-Invasive Cardiometry with Ultrasound Guided Inferior Vena Cava Collapsibility

for Volume Status Evaluation: An Intriguing
Promise Never Fulfilled. J Clin Med,
vol(4),pp.(12),2023.

[27]P.Vignon, X.Repessé, E.Bégot, J.Léger,
C.Jacob, K.,Bouferrache, M.Slama, G.Prat, &
A .Vieillard-Baron,. Comparison of
Echocardiographic Indices Used to Predict
Fluid Responsiveness in Ventilated Patients.
Am J Respir Crit Care Med, vol.(195),
pp.(1022-1032),2017.

[28] R. M.Lang, L. P.Badano, V.Mor-Avi, J.Afilalo,
A.Armstrong, L.Ernande, F. Flachskampf,
E.Foster, S. A.Goldstein, T.Kuznetsova,
P.Lancellotti, D. Muraru, M. H.Picard, E.
R.Rietzschel,  L.Rudski, K.  T.Spencer,
W.Tsang, & J. U.Voigt,. Recommendations for
cardiac chamber quantification by
echocardiography in adults: an update from the
American Society of Echocardiography and the
European  Association of Cardiovascular
Imaging. J Am Soc Echocardiogr, vol.(28),
pp.(1-39). 2015.

[29]R.Shi, O.Hamzaoui, N.De Vita, X.Monnet& J.
L. Teboul,. Vasopressors in septic shock:
which, when, and how much? Ann Transl
Med,vol.( 8), pp.(794),2020.

[30]R.Soliman,. Prediction of fluid status and
survival by electrical cardiometry in septic
patients with acute circulatory failure. The
Egyptian Journal of Critical Care Medicine,
vol.(5), pp.(65-68),2017.

[31]S. A.Sheikh, E. A.Perez Alday, A. B.Rad,
O.Levantsevych,  M.Alkhalaf,  M.Soudan,
R.Abdulbaki, A.Haffar, N. L. Smith,
J.,Goldberg, J. D.Bremner, V.Vaccarino, O.
T.lnan, G. D.Clifford, & A. J. Shah,.
Association between PTSD and Impedance
Cardiogram-based contractility metrics during
trauma recall: A controlled twin study.
Psychophysiology, vol.(60), pp.(e14197),2023.

[32]S. Furtado, & L.Reis,. Inferior vena cava
evaluation in fluid therapy decision making in
intensive care: practical implications. Rev Bras
Ter Intensiva, vol.(31), pp.(240-247),2019.

[33]S. H.Xu, J.Zhang, Y.Zhang, P.Zhang& G.
Q.Cheng,. Non-invasive cardiac  output
measurement by electrical cardiometry and M-
mode echocardiography in the neonate: a
prospective observational study of 136 neonatal
infants. Transl Pediatr, vol.10, pp.(1757-
1764),2021.

[34] S.Karacabey, E.Sanri, & O.Guneysel,. A Non-
invasive  Method for  Assessment  of
Intravascular Fluid Status: Inferior Vena Cava
Diameters and Collapsibility Index. Pak J Med
Sci,vol( 32), pp(836-40),2016.

[35]S.Lopes, G. Rocha& L. Guimaraes-Pereira,.
Artificial intelligence and its clinical
application in Anesthesiology: a systematic
review. Journal of Clinical Monitoring and
Computing.vol.(25),pp.(312-317) 2023

[36] S.Macdonald, S. L.Peake, A. R.Corfield, & A.
Delaney,. Fluids or vasopressors for the initial
resuscitation of septic shock. Front Med
(Lausanne), vol.(9), pp.(1069782),2022.

[37]S.Magder,. Volume and its relationship to
cardiac output and wvenous return. Critical
Care,vol.( 20), pp.(271),2016.

[38] Said, Ahmed; Salah, Maged; Mamdouh, Sherif;
Heggy, Eslam; Wagih, Mohamed. Validation of
stroke volume variation assessed by electrical
cardiometry to predict fluid responsiveness in
patients undergoing coronary artery bypass
surgery after closure of the sternum: an
observational study. The Egyptian Journal of
Cardiothoracic Anesthesia ,vol.16(3),pp (47-
52), Sep—Dec 2022.

[39] T.Freidl,N.Baik, G.Pichler, B.Schwaberger,
B.Zingerle, A.Avian, & B.Urlesberger,.
Haemodynamic Transition after Birth: A New
Tool for Non-Invasive Cardiac Output
Monitoring. Neonatology, vol.(111), pp.(55-
60),2017.

[40] T.Taccheri, F.Gavelli, J. L. Teboul, R. Shi, &
X.Monnet,. Do changes in pulse pressure
variation and inferior vena cava distensibility
during passive leg raising and tidal volume
challenge detect preload responsiveness in case
of low tidal volume ventilation? Crit Care,
vol.(25), pp.(110),2021.

[41] T.Weber, T.Wagner, K.Neumann& E.Deusch,.
Low predictability of three different
noninvasive methods to determine fluid
responsiveness in critically ill children. Pediatr
Crit Care Med, vol.(16), pp.(e89-94),2015.

[42]wW. H.an der Ven, L. E.Terwindt,
N.Risvanoglu, E. L. K.le , M.Wijnberge, D.
P.Veelo, B. F.Geerts, A. P. J.VIaar & B. J. P.
van der Ster,. Performance of a machine-
learning algorithm to predict hypotension in
mechanically ventilated patients with COVID-
19 admitted to the intensive care unit: a cohort
study. J Clin Monit Comput, vol.(36), pp.(1397-
1405),2022.

[43]Y.Singh, A. C.Katheria& F.Vora,. Advances in
Diagnosis and Management of Hemodynamic
Instability in Neonatal Shock. Front Pediatr,
vol.(6), pp.(2),2018.

Benha Journal of Applied Sciences, Vol. (9) Issue (1) (2024)



